Differences in breastfeeding, other milk feeding and complementary feeding patterns were evaluated in infants at increased genetic risk with and without maternal type 1 diabetes (T1D). The Trial to Reduce IDDM in the Genetically at Risk is an international nutritional primary prevention double-blinded randomized trial to test whether weaning to extensively hydrolyzed vs. intact cow's milk protein formula will decrease the development of T1D-associated autoantibodies and T1D. Infant diet was prospectively assessed at two visits and seven telephone interviews between birth and 8 months. Countries were grouped into seven regions: Australia, Canada, Northern Europe, Southern Europe, Central Europe I, Central Europe II and the United States. Newborn infants with a first-degree relative with T1D and increased human leukocyte antigen-conferred susceptibility to T1D were recruited. A lower proportion of infants born to mothers with than without T1D were breastfed until 6 months of age in all regions (range, 51% to 60% vs. 70% to 80%). Complementary feeding patterns differed more by region than by maternal T1D. In Northern Europe, a higher proportion of infants consumed vegetables and fruits daily compared with other regions. Consumption of meat was more frequent in all European regions, whereas cereal consumption was most frequent in Southern Europe, Canada and the United States. Maternal T1D status was associated with breastfeeding and other milk feeding patterns similarly across regions but was unrelated to the introduction of complementary foods. Infant feeding patterns differed significantly among regions and were largely inconsistent with current recommended guidelines.
Introduction
International infant feeding recommendations do not vary widely, but children's feeding patterns differ between countries as a result of social and cultural differences in food habits. Children's feeding patterns are associated with sociodemographic factors such as parental education, age and ethnicity (Dubois & Girard 2003; Erkkola et al. 2010; Erkkola et al. 2013; Aronsson et al. 2013; Hummel et al. 2007 ). Exclusive breastfeeding is recommended by the World Health Organization (WHO) and the American Academy of Pediatrics (AAP) during the first 6 months of life based on scientific evidence of health benefits in breastfed infants (APA 2012; WHO & UNICEF 2003; Ip et al. 2007; WHO & UNICEF 2000) , unless breast milk is insufficient to meet the nutritional needs of the infant, when complementary foods should be added to the diet (WHO & UNICEF 2000) . Some expert groups suggest that complementary feeding should be started between the ages of 4 and 6 months, with breastfeeding maintained for at least 6 months in an effort to decrease the risk of immune-mediated disorders (Prescott et al. 2008) . The European Society for Paediatric Gastroenterology, Hepatology and Nutrition recommends that complementary foods should not be introduced before 17 weeks of age but should not be delayed beyond 26 weeks (Agostoni et al. 2008) . However, the evidence that early infant-feeding patterns are linked with chronic childhood diseases such as asthma and type 1 diabetes (T1D) is inconsistent Virtanen et al. 1993; Virtanen et al. 2006; Rosenbauer et al. 2008) . Early introduction of cow's milk (CM), cereals and root vegetables has been proposed as potential initiating factors leading to development of T1D (Virtanen & Knip 2003) , whereas early introduction of various solid foods has been linked to decreased risk of asthma and allergies .
We examined feeding patterns among infants taking part in the international randomized double-blinded intervention Trial to Reduce IDDM in the Genetically at Risk (TRIGR). The study was launched to determine whether weaning to an extensively hydrolyzed formula in infancy reduces the risk of T1D in genetically susceptible children. Eligible TRIGR subjects were newborn infants who had a first-degree relative with T1D (father, mother or full sibling) and increased genetic risk for T1D (The TRIGR Study Group 2007). Infants were randomly assigned to one of two study formulas, but exclusive breastfeeding was encouraged for all TRIGR participants, with the study formula to be used only if supplemental feeding was required. All bovine foods were avoided.
The aim of the current investigation was to examine breastfeeding, other milk feeding and complementary feeding patterns among infants in the TRIGR study. The large population of infants from 15 countries provides an opportunity to assess the infant-feeding habits in different regions in mothers with and without T1D.
Materials and methods
Newborn infants with a first-degree relative with T1D as defined by WHO and ADA were eligible to participate in the study. Participants were recruited from 12 countries in Europe (50 centres), Canada (18 centres), the United States (six centres) and Australia (three centres). This study was conducted according to the guidelines laid down in the Declaration of Helsinki, and all procedures involving human subjects were approved by the Ethics Institutional Review Board or Committee of Human Experimentation in all participating institutions. The infant's parents or legal guardians were required to provide signed consent to participate in the trial.
The families were recruited when the mother was in late pregnancy (≥35 weeks of gestation) or within 7 days of delivery. Infants with at-risk human leukocyte antigen types were enrolled between May 2002 and February 2007 (The TRIGR Study Group 2007 .
Key messages
• The health benefits of exclusive breastfeeding during the first 4-6 months of life should be discussed with mothers with T1D prior to delivery, as lower rates of exclusive and ever breastfeeding have been reported in this population.
• Recommendations for the introduction of complementary foods at approximately 6 months of age should be reviewed with all expectant parents, as earlier introduction of solid foods has been reported worldwide.
• Future research on environmental factors related to the development of chronic childhood diseases should include an assessment of dietary intake and the social/behavioural factors that affect feeding practices.
Prior to or within 7 days of birth, they were randomized to receive one of four colour-coded, blinded formulas for use after weaning from breastfeeding or in the absence of breastfeeding. 
Dietary intervention
All participating mothers were encouraged to breastfeed. The newborn infants were randomized either before birth or as soon as possible after birth so that if the mothers' breast milk was not available, either banked breast milk or the study formula was used after weaning or as the elective formula supplementation. The duration of the infant feeding study formula intervention was until at least 6 months of age. If the child had not received the study formula for at least 60 days by that age, the study formula was given for milk feeding other than breast milk. At the age of 8 months, the intervention period ended, irrespective of the duration of exposure to the study formula. Local infant-feeding practices were altered as little as possible by the trial except as in the succeeding texts. Dietary advice was given by a member of the study team at the delivery hospital, at 2-week telephone calls, 1, 2, 4 and 5-month telephone calls, at the 7 and 8-month calls for those infants who continued in the intervention beyond the age of 6 months and at the 3 and 6-month study visits. The parents were given a pamphlet which described the age of introduction and amounts of foods recommended based upon each country's national guidelines.
To avoid contamination of the dietary intervention with sources of CM protein (including milk products, beef and veal), the parents were provided with a list of all allowed solid foods, including brand names, which did not contain CM protein, and 'non-recommended' foods, which contained CM protein. Dietary pamphlets and questionnaires were available in 12 different languages. Dietary interviews were conducted using a validated questionnaire (Vähätalo et al. 2006) at each scheduled call/visit during the intervention period. The parents were asked if their infant was currently being breastfed, the age at the end of exclusive breastfeeding, the age at the end of any breastfeeding, the age at the start of study formula, the duration of study formula use and the average amount of study formula used per feeding since the last interview. The definition of exclusive breastfeeding was that the infant had not received anything other than breast milk (banked or mother's own), supplementary vitamins or minerals or water. At each visit/call, the parents were also asked to specify the frequency of consumption of foods that were consumed since the last interview. Frequency response options included not at all, less than once a week, 1-3 times a week, 4-6 times a week, 1-2 times a day, 3-4 times a day and 5 times or more a day for the following foods: vegetables, fruits, cereals (rice, oat, barley, corn, wheat, rye), meats (pork, chicken, turkey, lamb or game) and CM/milk products.
Statistical analysis
We compared demographic characteristics and feeding patterns between the TRIGR participants in both treatment arms of the study in Northern Europe (NE; Finland, Sweden), Central Europe I (transition economies: Czech Republic, Estonia, Hungary, Poland), Central Europe II (Germany, Luxembourg, The Netherlands, Switzerland), Southern Europe (Italy, Spain), Australia, Canada and the United States by maternal T1D status using the Mann-Whitney U for median comparisons and Chi-square for percentages. Although Estonia belongs to NE geographically, it is closer to Central Europe I socioeconomically. The survival distribution function was used to show the proportion of breastfeeding and exclusive breastfeeding by region and maternal T1D status. Cox proportional hazard regression model was used to determine the effect of risk factors on short duration of breastfeeding rates among regions. Infant formula use alone and also in conjunction with breast milk were compared for regional differences, adjusting for multiple comparisons, using logistic regressions. Modelling was performed by age group (0-2 weeks, 2-3 months and 5-6 months) and maternal T1D status. A P-value of <0.05 was considered to be statistically significant for all analyses except for the multiple comparison tests, where a P-value of 0.00238 or less was considered to be statistically significant. To adjust for multiple comparisons involving testing for differences between the seven regions, the level of significance was adjusted using a Bonferroni correction. The correction maintained the overall significance at the 0.05 level, but lowered the individual pairwise comparison level to 0.000238. This level was determined by dividing the desired overall significance level (0.05) by the number of pairwise comparisons performed (21).
Results
A total of 2159 infants participated in TRIGR, of which 49.2% had a mother with T1D. The vast majority of the mothers in all regions reported their race to be White (range, 89% to 100%). No significant differences in maternal age, length of maternal and paternal education and gestational age of the infant were observed by region or maternal T1D (Appendix SA). However, the rate of caesarean section was significantly higher in mothers with than without T1D for all regions (P < 0.001), which has been previously reported (Sorkio et al. 2010) .
During the first 3 days of life, the proportion of exclusively breastfed infants of mothers with T1D ranged from 81% in NE to 32% in Australia, but 94% of Australian mothers without T1D exclusively breastfed their infants during the first 3 days (Fig. 1) . Overall breastfeeding, defined as breastfeeding with or without infant formula supplementation, was significantly less frequent among mothers with than without T1D in most regions during the course of the intervention (P < 0.05), with the exceptions of Central Europe II and Southern Europe, where no difference was observed by maternal T1D status (Fig. 2a,b) . Duration of overall breastfeeding was shorter in Central Europe II, Canada and the United States [hazard ratio (95% confidence interval) for the risk of ending breastfeeding: 1.39 (1.09-1.78), 1.26 (1.04-1.53) and 1.29 (1.04-1.60), respectively] as compared with NE after adjustment for putative confounding factors [maternal T1D status, maternal and paternal age and education, early breastfeeding (within the first 3 days of life), gestational age and gender of the infant and mode of delivery]. We observed a stable pattern with a lower frequency of exclusive breastfeeding in mothers with than without T1D in all regions (Fig. 2c,d , P < 0.01).
During the first 2 weeks of life, breast milk alone or breast milk and infant formula together were the most common milks fed to the infants of mothers with and without T1D (Fig. 3) . The proportion of infants who received only infant formula was small (<11%) but differed significantly between regions (P < 0.05). Pairwise comparisons revealed a small, but significant difference between NE (0%) and the United States (8%) for infants of mothers without T1D (P < 0.01). A large proportion of infants received a combination of breast milk and infant formula, especially those born to mothers with T1D, and these proportions also differed significantly by region (P < 0.001). A lower proportion of infants born to mothers with than without T1D received breast milk as the only milk feeding during the first 2 weeks of life, ranging from 9% to 35% vs. 40% to 70% among mothers with and without T1D, respectively. The lowest rates of exclusive breastfeeding during the first 2 weeks were observed in Australia, Canada and the United States in mothers with T1D, while the lowest exclusive breastfeeding rates were found in Southern Europe, Canada and the United States in mothers without T1D.
At the age of 2-3 months, over 60% of the infants continued to receive breast milk. Use of infant formula only ranged between 11% and 37% and continued to vary significantly between regions for all mothers (P < 0.05), with the predominant difference between NE (11%) and Canada (22%) for infants of mothers without T1D (P < 0.001). Use of infant formula combined with breast milk also varied significantly between regions for mothers without T1D (P < 0.001), with the greatest proportional differences between Central Europe I (7%) and the United States and Canada (29% and 24%, respectively; P < 0.0001). At the age of 5-6 months, the proportion of breastfed infants varied by region among mothers with T1D from 51% to 60% and among mothers without T1D from 70% to 80%. The differences between regions were statistically significant only for infant formula in combination with breast milk in infants of mothers without T1D (P < 0.01). A similar pattern of regional differences in the type of milk feeding provided was observed at other time periods during the first 6 months of life (Appendix SB).
The daily consumption of vegetables, fruits and berries, cereals and meat products differed by region (P < 0.001) but not by maternal T1D status (Fig. 4) . Daily consumption of vegetables as well as fruits was most common in NE (≥70% at 5-6 months of age) in children of mothers with and without T1D and least frequent in Australia (10-20% and 20-30%, respectively). Reported proportion of daily cereal users at 4-5 months of age in children of mothers with and without T1D was highest in Canada (37% and 36%, respectively), the United States (33% and 26%, respectively) and Southern Europe (33% and 27%, respectively) and lowest in Australia (11% and 7%, respectively), Central Europe I (11% and 5%, respectively) and Central Europe II (11% and 10%, respectively). Similarly, at 5-6 months of age, the highest proportion of daily users of cereals was reported in Canada and Southern Europe (60-65%), while only 20-25% of children in Central Europe I and II consumed cereals on a daily basis. Daily consumption of meats was reportedly most frequent (~30%) in NE at 5-6 months of age and lowest in Australia and the United States (<2%) in infants of mothers with and without T1D. In the total cohort, less than 10% of infants received complementary foods before the age of 4 months (Table 1) . By 6 months of age, vegetables, fruits and cereals were consumed daily by 48% of the population [lowest in Australia (16%); highest in NE (78%)], while meats were consumed by 13% [lowest in Australia (1%); highest in NE (31%)]. In Europe, the first complementary foods introduced were vegetables and fruits (22.2%) or vegetables alone (18%), while in North America, the first food introduced to the majority of children was cereals (54%), followed by a combination of vegetables, fruits and cereals (14%). Professional recommendations for the timing of initiation and advancement of complementary foods differed by region. Families in North America and Australia were advised to introduce cereals first, followed by vegetables, fruit and meats, while families in many European countries were instructed to begin with vegetables and potatoes, followed by meat, fruit and cereals.
Discussion
The vast majority of infants in the TRIGR cohort were reported to receive breast milk during the first 3 days of life, and at least 50% continued to receive some breast milk through 6 months of age. Infants of mothers with T1D were less likely to receive breast milk during the first 3 days after delivery and to be exclusively breastfed thereafter, and therefore more likely to receive infant formula, compared with infants of mothers without T1D. At 6 months of age, fewer than 4% of infants were being exclusively breastfed in accordance with the WHO and AAP guidelines (APA 2012; WHO & UNICEF 2003) . While differences by maternal T1D status were observed in breastfeeding and other milk feeding, there were no significant differences in the introduction of complementary foods between mothers with and without T1D. We observed some variability in the complementary feeding patterns between regions, which was expected as a result of cultural differences. The type of food introduced early (≤4 months of age) differed by region, with daily use of cereals reported most frequent in North America vs. vegetables and fruits in Europe. Complementary foods were introduced to a small group of infants between 3 and 4 months of age in most TRIGR regions, which is not consistent with the current recommended guidelines even in the context of regular dietary counselling (Prescott et al. 2008; Agostoni et al. 2008) . The results of the current study may not apply to the general population, as the TRIGR trial excluded infants born prematurely (gestational age <35 weeks), and the study population included only infants with an increased genetic risk for T1D and positive T1D family history with at least one affected first-degree relative. In addition, participation in the TRIGR intervention trial included receipt of regular dietary advice, which may have influenced the dietary behaviour of the families. Dietary intake data were obtained for infants only. Therefore, we were unable to determine if there are any parental dietary patterns that may have contributed to regional differences in infant milk or complementary feeding practices.
The AAP recommends that breastfeeding begins as soon as possible after delivery, preferably in the first hour. Infants should room-in with their mothers, and the mothers should be encouraged to breastfeed at least 8 to 12 times per day (Hall & Carroll 2000) . In the present study, most infants received their mother's breast milk during the first 2 weeks of life, which is consistent with the findings of another international cohort study of infants at increased genetic risk for T1D (Hummel et al. 2014) . Breastfeeding was less common among mothers with T1D and may be related to their higher percentage of caesarean sections, earlier delivery, lower age and education (Sorkio et al. 2010) as well as maintaining good glycemic control while breastfeeding (Murtaugh et al. 1998 ). This observation is consistent with a prospective study conducted in Germany (Hummel et al. 2007 ) that reported that fewer infants of mothers with T1D were breastfed during the first year of life when compared with infants of mothers without diabetes. In the present study, in the Central European countries in transition (including the Czech Republic), 95% of the infants born to mothers with T1D and 98% of the infants born to unaffected mothers received their own mother's breast milk in the first 3 days, similar to a Czech report that 98% of all infants were breastfed (94% exclusively breastfed) at discharge from the delivery hospital (Schneidrová et al. 2003) .
In an Australian study of healthy infants, the rate of initiation of breastfeeding was found to range from 91% to 97%, with 94% of mothers initiating breastfeeding and 76% of the infants being exclusively breastfed in the delivery hospital (Scott et al. 2006) . The TRIGR data are consistent with these studies, as nearly all Australian infants born to mothers without diabetes and 80% of those with maternal T1D received their mother's own breast milk during the first 3 days after delivery. According to recent studies (Callen & Pinelli 2004; Li et al. 2005) , the average initiation rate of breastfeeding is estimated at 73% in Canada and 71% in the United States, which is lower than that observed in the TRIGR cohort. In the US Feeding Infants and Toddler Study, approximately 80% of infants aged 4 to 5.9 months and over 90% of older infants and toddlers had been fed infant formula (Briefel et al. 2004) . Similarly, 77% of the US TRIGR infants whose mothers had T1D were receiving any infant formula at 5-6 months of age, whereas only 61% of infants with mothers without T1D received some infant formula by that age. Among the entire TRIGR population, at the age of 5-6 months, 40% to 49% of infants born to the mothers with T1D were receiving only infant formula compared with 20% to 30% of those infants born to the mothers without diabetes. In the recent multicentre international The Environmental Determinants of Diabetes in the Young (TEDDY) study, breastfeeding was also observed to end earlier, and CM infant formula was introduced earlier in infants of mothers with T1D after adjustment for delivery mode, gestational age, Apgar score and birthweight (Hummel et al. 2014) . However, after subdividing by country, this finding was not observed in Finland, which is inconsistent with the present results. The lack of significant regional variability in the use of infant formula and the early introduction and quite prevalent use of infant formula in combination with breastfeeding are surprising, and it seems unaffected by the longer maternity leave in Canada and Europe compared with the United States.
In the TRIGR cohort, complementary foods were introduced to approximately half of the infants by the age of 5 months. In contrast, the US Feeding Infants and Toddler Study showed that two thirds of infants had been fed complementary foods between 4 and 6 months of age (Hendricks et al. 2006) . The Euro-Growth study compared feeding practices in 12 European countries, and at the age of 5 months, 95% of infants were fed solid foods (Freeman et al. 2000) . In a cohort of infants at risk for T1D in the Finnish Type I Diabetes Prediction and Prevention project, the timing of the introduction of supplementary foods was positively associated with the total duration of breastfeeding (Erkkola et al. 2005) . The first complementary food was most often root vegetables (potato and carrot). In the ongoing TEDDY study, 15% to 20% of infants at risk for T1D received complementary foods prior to 4 months of age (Aronsson et al. 2013) , which is a slightly higher percentage than what was observed in the TRIGR study. In TEDDY, the most common first foods introduced to infants in Finland were root vegetables and fruits, while the first food introduced in the United States was usually cereal. Over 50% of infants in TRIGR from NE reportedly received vegetables, fruits or berries daily by the age of 4-5 months. Although the consumption of fruits and vegetables might be expected to be lower in NE vs. countries with a more temperate climate, fruits and vegetables are usually the first solid foods to be introduced to infants in NE and to a large extent are provided in the form of commercial baby foods. In the TRIGR Canada population, 17% of mothers with and 13% of mothers without T1D introduced cereals to their babies between 3 and4 months of age. These percentages as well as those at 4-5 months of age were similar to rates of cereal consumption in the United States and exceeded rates of cereal consumption in other regions for the respective time periods. The AAP and WHO recommend that complementary foods be sufficient in energy, protein and micronutrients, and that they be introduced at approximately 6 months of age but do not recommend that foods be introduced in any particular order (AAP 2012; WHO & UNICEF 2003) . However, iron-fortified infant rice cereal has traditionally been the first complementary food given to infants in North America.
Feeding practices differed by region and maternal T1D status and were largely not consistent with recommended guidelines as a result of earlier introduction of complementary foods. Exclusive breastfeeding to 6 months of age was reported in fewer than 4% of the participants, with the lowest rates reported in mothers with T1D. However, overall exposure to breast milk was higher in TRIGR infants than previously reported for the general population of the participating countries, suggesting that TRIGR families were more motivated to breastfeed. As previously documented, mothers with T1D breastfeed less than those without. The feeding pattern data from the TRIGR study will allow evaluation of relationships between infant diet and development of autoimmunity and progression to T1D by region in this at-risk population of children. 
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